DNA is known for its ability to store and transfer genetic information.
the self-assembly of the hexamer. [7] [8] [9] [10] Derivatives of melamine and dibutylbarbituric acid can aggregate into different motifs, but the use of a more crowded melamine derivative favours the formation of single hexamers known as rosettes. [11] [12] [13] In the light of these interesting studies we sought further examples to explore the structural requirements of the building block 1 that lead it to crystallise in the hexamer motif. However, it should be noted that not all derivatives crystallise as hexamers. 6 
Discussion
Compounds 4-7 were prepared in yields ranging from 44-70% by reacting 2,4-difluoronitrobenzene (3) with the appropriate long-chain amine (Scheme 1). Both of the fluorine atoms in 3 are activated by the nitro group and can be displaced by nucleophilic substitution (S N Ar). Our previous studies showed that the fluorine atoms can be distinguished with good selectivity and that the ortho fluorine atom is completely displaced first. 6 The para fluorine atom is slower to displace but this does occur with an excess of amine present.
Crystal structures
Compound 4 is essentially isostructural with the same space group and packing 6 as compound 1 (compare to Fig. 2) , with one molecule in the asymmetric unit in the trigonal space group. The pentyl chains adopt extended conformations, with the terminal methyl group of the para-chain statistically disordered over two adjacent sites and an intramolecular N-H O hydrogen bond from the ortho-NH group to one of the nitro group oxygen atoms, which closes an S(6) ring (Fig. 3) . The nitro group is almost coplanar with its attached ring [dihedral angle = 2.34 (2) 6 No other short directional intermolecular interactions could be identified. The rhombohedral crystal symmetry for 4 means that the stacking pattern for the hexamers in the c direction is staggered and therefore no channels are apparent as they are in compound 2. 6 However, a PLATON 14 analysis indicated a significant void of volume ∼240 Å 3 , centred at the origin, the centroid of the hexamer and symmetry equivalent locations presumably corresponding to regions of highly disordered solvent molecules.
Compound 5 crystallises in the triclinic space group with six molecules in the asymmetric unit (Fig. 5) . Four of the six molecules feature disorder of the terminal atoms of the para-alkyl chains and an intramolecular N-H  O hydrogen bond occurs within each molecule. Despite the lower crystal symmetry, the packing for compound 5 is essentially the same as for compound 4 and a hexamer arises, with N-H  O hydrogen bonds and reinforcing C-H  O links between molecules. One reason for the symmetry lowering may be that some of the parahexyl chains adopt non-extended conformations (i.e. gauche
Scheme 1 Synthesis of the alkyl-substituted building units. 
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C-C-C-CH 3 torsion angles), with the terminal methyl groups displaced either above or below the plane of the hexamer. In terms of stacking, the hexamers are staggered and no channels are apparent in the extended structure. Compound 6 crystallises in the triclinic space group with nine molecules in the asymmetric unit (see ESI, Figs 6 and 7), but again hexamers arise in the crystal. One of these is comprised of six independent molecules and the other is centrosymmetric (i.e. has point symmetry about its centroid) and comprises three unique molecules and their inversion-generated clones. In both cases, cooperative N-H  O and C-H  O bonds link adjacent molecules within their hexamers, as seen for compounds 4 and 5. No channels are evident in the extended structure.
In terms of compound 7, the refinement is extremely poor and the terminal portions of some of the octyl chains are badly disordered or indistinct (see ESI, Figs 8 and 9 ). However, it may be discerned that compound 7 (triclinic, space group ) crystallises with no fewer than 12 molecules in the asymmetric unit. Here, there are two independent hexamers, each comprised of six unique molecules, with the same complementary N-H O and C-H  O links between the molecules as seen in compounds 4-6.
Conclusion
The syntheses and crystal structures of the family of 2,4-bis(alkylamino)nitrobenzenes (alkyl = nC 5 -C 8 ) have been described. Although the crystal symmetries are different, which possibly correlates with different orientations of the terminal parts of the alkyl chains, a robust supramolecular hexameric N-H O hydrogen-bonded motif is present in each structure.
Experimental
The IR spectra were recorded on an ATI Mattson FTIR spectrometer using KBr discs. The UV spectra were recorded using a PerkinElmer Lambda 25 UV-Vis spectrometer with CH 2 Cl 2 as the solvent. 1 H and 13 C NMR spectra were recorded at 400 MHz and 100.5 MHz respectively using a Varian 400 spectrometer. Chemical shifts (δ) are given in ppm and measured by comparison with the residual solvent. Coupling constants (J) are given in Hz. Low resolution and high resolution mass spectra were obtained at the University of Wales, Swansea using electron impact ionisation and chemical ionisation. Melting points were determined on a Kofler hot-stage microscope.
Single crystal growth
For all samples, the starting material was dissolved in dichloromethane/petroleum ether (40-60 °C) and the solution was left to evaporate slowly at room temperature.
Crystallography
The intensity data for compounds 4-7 were collected on a Rigaku Mercury CCD diffractometer (Mo Kα radiation, λ = 0.71073 Å, T = 100 K). The structures of compounds 4 and 5 were routinely solved by direct methods with SHELXS-97, 15 but uninterpretable E-maps emerged for compounds 6 and 7 with SHELXS-97. However, the 'dualspace' algorithm in SHELXT 16 gave recognisable structures in space group P1 for compounds 6 and 7, which were both transformed to the centrosymmetric space group prior to refinement. All of the structural models were completed and refined against |F| 2 with SHELXL-2014. Some of the terminal groups of the alkyl chains are disordered over two orientations. The N-bound H atoms were located in difference maps and refined freely for compound 4 or placed in idealised locations (N-H = 0.88 Å) for compounds 5, 6 and 7 and refined as riding atoms. The C-bound H atoms were placed in idealised locations (C-H = 0.97-0.99 Å) in all cases and refined as riding atoms. The constraint U iso (H) = 1.2U eq (carrier) or 1.5U eq (methyl C) was applied in all cases. For compound 7, the benzene rings were modelled as rigid hexagons (C-C = 1.39 Å). For compound 4, a PLATON 17 analysis indicated a significant void of volume ∼240 Å 3 centred at the origin, the centroid of the hexamer and symmetry equivalent locations, presumably corresponding to regions of highly disordered solvent molecules. The application of PLATON/SQUEEZE 17 indicated a very low electron density of about 14 e per cavity, although a small reduction in R-factors was achieved. The final R-factors for compound 6 and especially compound 7 are extremely high (see below), but chemically plausible structures have resulted and their gross features can at least be discerned. 
Synthesis of 2,4-bis(n-hexylamino)nitrobenzene (5)
Following the procedure for 4, but using n-hexylamine (3.0 mL) in place of n-pentylamine gave compound 5: Yield 603 mg (59%); 
Synthesis of 2,4-bis(n-octylamino)nitrobenzene (7)
Following the procedure for 4, but using n-octylamine (3.0 mL) in place of n-pentylamine gave compound 
